Determination of the integral claracteristics of structural perfection of a real crystal (i.e. Debye-Waller's static factor e -L and coefficient of absorption μd s due to diffuse scattering) is especially expedient using the suitably selected wavelengths of the X-ray continuous spectrum by investigation of the thickness I(t), coordinate I(x) as well as amplitude I(W) dependencies of intensities at Laue or Bragg diffraction. Here W is an amplitude of weak ultrasound vibrations excited in a sample for suppression of tle Bragg component of reflectivity.
Introduction
Structural defects are well known [1] to cause three main diffraction phenomena:
1. Displacement of the diffraction maximum relative to its position in an ideal crystal due to formation of an "averaged" lattice.
2. Its intensity attennation due to deviation of atomic positions from this averaged lattice and to additional weakening of that value by diffuse scattering on defects.
3. Appearance of diffraction maximum diffuse tails. The first effect is usually used by measurements of lattice parameters of a crystal which permits us to determine a mean value of a1 atomic volume change at the expense of defects. The second and third phenomena are described by means of -the Debye-Waller factor e-L as well as by coefficient of additional energy losses μd s due to diffuse scattering [1, 2] . These integral characteristics of scattering permit us to describe quantitatively the structure perfection of a single crystal and give sometimes possibilities to determine the mean dimension i as well as concentration n of microdefects [3] .
(579)
The unique properties of synchrotron radiation (i.e. wide spectum wavelengths, polarization of electromagnetic waves in the accelerator orbit plane, high intensity of short-wave components) permit us to use it efficiently for single crystal stucture diagnostics.
The aim of the present work consists of the suggestion of new approaches in structure diagnostic methods which have been developed by us in the last years, especially those realized under conditions of weak ultrasound excitation of a crystal. All these methods assume utilization of the continuous spectrum of wavelengths which facilitate determination of the mentioned parameters of stuctural perfection.
2. Laue diffraction of X-ray white radiation with wavelengths situated near the absorption Kedge
The above-mentioned parameters of structural perfection, plus the concentration of semiconductor compound components [d] as well as deviation of such substances from stoichiometric composition [5] can be determined from values of the intensity jumps (ratios) S = i2/i1 measured for two wavelengths near the K-edge of absorption (λK) of a substance. i2 and i t are the intensities measured in Laue diffraction in the long-wave (λ 2 > λ ) and short-wave (λ1 < λf{) regions near λK. Let us note that there is a considerable effect of dislocation density Nd in Ge on the value of S as the example of efficiency of such approach (Fig. 1) . One can see that values of the i2 and i t intensities are noticeably changed near where Ad and Αp are the slopes of those dependencies for a crystal with dislocations and without them respectively. Z = γ1γ2(μ1γ2 -μ2γ1), μι and μ2 are normal photoelectric coefficients of absorption for the wavelengths λ1 and λ2 and γ1,2 = cos θ12 for tlose wavelengths. The value L for a Ge sample with Nd 2.4 x 105 cm-2 happened to be 4.1 x 10 -2 which is in agreement with results of independent measurements. One should note that L can be also calculated using data of the metallographical dislocation density N m d a c c o r d i n g t o [ 6 ] :
Here A, H and L stand for tle extinction length, the diffraction vector and the Burgers vector of dislocation respectively.
Measurements of integral reflectivities near the Ga, As and Ge K-edges of absorption permitted us to determine the type of defects formed during the solid solution decay of Te in GaAs crystals and Li in Ge samples as well [3] . Now we have suggested to choose a specific wavelength λ 0 of the continuous spectrum for wlich the intensities of a real and perfect crystal coincide (Id = Ιp ) due to equality of scattering and absorption contribution to total reflectivity of a sample with structural defects [3] . Under this condition one can use only one dependence Id(W) measured in a real crystal as distinguished from [6] where such a graph was plotted fora sample with perfect stucture, too.
Τhe measurement procedure and the formulas (3) are considerably simplified by such an approach without any loss of information quality We determined according to (Λ) the integral characteristics L = 1.7 x 10 -3 and μds = 0.5 cm -1 for the Si crystal with thickness t = 1 cm containing microdefects after measurements of IΝ as a function of the voltage U on a transducer (W is proportional to U) (Fig. 2) at a wavelength λ0 = 0.404 Α. It permitted us to calculate according to [2] the average dimension F and concentration n of microdefects (r = 1.5 μm;n = 5 x 103 c m -3 ) f o r m e d d u r i n g h i g h t e m p e r a t u r e decay of the oxygen solid solution. The dislocation density was also determined by such methods in another Si crystal. The procedure of intensity measurements and conditions of ultrasound excitation were similar to those in the previous paper [6] .
Analysis of a spatial distribution of diffracted bean intensity in the Bragg case
The method of spatial (not angular) distribution of a diffracted beam intensity was developed in [7] [8] [9] for reflection from the surface of a crystal. The necessary condition for observation of diffuse scattering by defects situated within the absorption depth μ-1 below the surface of a crystal is the requirement μ-1 > Λ which is strictly fulfilled for hard radiation. When the divergence of the incident beam exceeds (somewhat) the half width of a diffraction maximum, this radiation penetrates to the absorption depth in the sample and one can observe the extended diffuse tail as a function of coordinate x along the surface of a crystal.
Investigation of the coordinate distribution I(x) of such intensity permits us to determine the L parameter [7] [8] [9] :
where 10 is the peak intensity of the diffraction maximum. Since there are always hard components of radiation in the continuous spectrum, the necessary conditions for observation of diffuse scattering are strictly fulfilled. The coordinate dependence of the L(x) parameter beginning from the place of the 555 diffraction maximum calculated with the formula (5) for a wavelength λ = 0.4 Α is shown in Fig. 3 . The lower curve relates to the initial state of the sample (L = 0.5 x 102).
The upper one relates to its state after heat treatment for 6 h at 1100°C. One can see that inhomogeneous defect structure formed during such thermal treatment (L ΑΙ 5 x 10 -2 ). Such structure is probably connected with peculiarities of the oxygen distribution in Si.
Conclusion
Using of the X-ray continuous spectum permits us to choose the wavelengths which are desirable not only for precision measurements of the lattice parameter (θΒ -> π/2) but to provide the necessary conditions for application of the new nondestuctive methods of structure diagnostics of crystals. The values of the integral characteristics of structure perfection (L, μds ) can be determined from the thickness, coordinate and amplitude dependencies of intensity. The data obtained are in agreement with results of independent difractometry measurements.
